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Fig. 1. Equivalent low-pass model of a
D-th order antenna diversity based
RAKE-receiver assisted AQAM system
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transmitted over time variant frequency selective fading chan-
nels and received by a set of
D RAKE-receivers. Each Rake-
receiver [14], [19] combines the resolvable multi-path compo-
nents using Maximal Ratio Combining (MRC). The combined
signals of the
D number of Rake-receivers seen in Fig. 1 are
summed and demodulated using the estimated channel qual-
ity information. The estimated signal-to-noise ratio (SNR)
^
￿
is fed back to the transmitter and it is used for deciding upon
the highest throughput
m-ary square QAM modulation mode
capable of maintaining the target BER. A
K-mode adaptive
modulation scheme adjust its transmit mode to mode-
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m
k-ary modulation ac-
cording to the estimated SNR
^
￿ perceived at the receiver. The
mode selection rule is given by:
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where a switching level
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g. The boundary switching levels are usually given
as
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1. The Bit Per Symbol (BPS) throughput
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k ofamodulationmode
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otherwise
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0 . It is convenientto deﬁne the incrementalBPS
c
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0 and as
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0, provided
that
k
=
0. In an effort to derive the achievable upper bound
performance we assume that the channel quality is estimated
perfectly and it is available at the transmitter immediately. The
effects of channel estimation error and feedback delay on the
performance of AQAM were studied for example in [10]. Here
a 5-mode square-constellation based AQAM scheme has been
studied due to the superior BER performance of Gray-mapped
square QAM constellations in comparison to other
m-ary tech-
niques [21]. The parameters of this 5-mode AQAM system are
summarised in TABLE I.
The low-pass equivalent impulse response of the channel be-
tween thetransmitterandthe
d-thantenna,
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g is a set of independent complex valued sta-
tionary random processes. The maximum number of resolvable
multi-path components
N is given by
b
T
m
W
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1 , where
T
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is the multi-path delay spread of the channel [19]. Hence, the
low-pass equivalent received signal
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where
z
d
(
t
) is a zero mean Gaussian random process having a
two-sided power spectral density of
N
o
=
2 . Let us assume that
TABLE I
THE PARAMETERS OF 5-MODE AQAM SYSTEM
k 0 1 2 3 4
m
k 0 2 4 16 64
b
k 0 1 2 4 6
c
k 0 1 1 2 2
mode No Tx BPSK QPSK 16QAM 64QAM
the fading is sufﬁciently slow or
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c is
the channel’s coherence time [1] and
T is the signaling period.
Then,
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n, where the fading magnitude
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n is as-
sumed to be Rayleigh distributed and the phase
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n is assumed
to be uniformly distributed.
III. BER ANALYSIS OF
m-ARY QAM
An ideal RAKE receiver [14] combines all the signal powers
scattered over
N paths in an optimal manner so that the instan-
taneous Signal-to-Noise Ratio (SNR) per symbol at the RAKE
receiver’soutputcanbemaximised[19]. ThenoiseattheRAKE
receiver’s output is known to be Gaussian [19]. The SNR,
￿
d,a t
the
d-th ideal RAKE receiver’s output in Fig. 1 is given as [19]:
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n becomes unity. Since we as-
sumed that each multi-path componenthas an independentRay-
leigh distribution, the characteristic function of
￿
d can be repre-
sented as [19, pp 802]:
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] . Let us assume further more that
each of the
D diversity channels of Fig. 1 has the same multi-
pathintensityproﬁle(MIP),althoughinpracticalsystems it may
have a different MIP. Under this assumption,
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written as
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n . The total SNR per symbol,
￿, at the output of the
demodulator depicted in Fig. 1 is given as:
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